Language seemingly evolved from changes in brain anatomy and wiring. We argue 10 that language evolution can be better understood if particular changes in phasal and cross-11 frequency coupling properties of neural oscillations, resulting in core features of language, are 12 considered. Because we cannot track the oscillatory activity of the brain from extinct hominins, 13
not just in neurotypical language processing, but in cognitive conditions that are human-51 specific and entail language dysfunction (Benítez-Burraco & Murphy, 2016; Murphy & 52 Benítez-Burraco, 2016). Meyer (2017) reviews a range of experimental evidence suggesting 53 that oscillations play a causal role in language comprehension, from the chunking (δ) and 54 storage (α) of phrasal units, to the prediction of upcoming syntactic material (β) and the 55 unification of this material into a coherent semantic structure (γ). Beaudet (2017) points out 56 that '[s]peech capacity cannot be appropriately inferred only from the cerebral condition, 57 therefore hypotheses aiming at reconstructing the timing and mode of emergence of language 58 in the hominin lineage should seek to combine various lines of evidence'with such lines of 59 evidence including, we hope, links between genetics and oscillatory brain activity. 60 61
While we cannot track the oscillatory activity of extinct hominins, we believe that the next best 62 solution to moving beyond this shortcoming consists in examining the coding regions and the 63 expression patterns of the genes responsible for the brain's oscillatory activity putatively 64 responsible for human language. We have recently identified and functionally characterized a 65 set of 48 genes that comprises the core of our language oscillogenome; that is, the set of genes 66
responsible for basic aspects of the oscillatory activity relevant for language (Murphy & 67 Benítez-Burraco, 2017). In this current contribution, we have looked for differences between 68
Neanderthals and us in the coding regions of these genes, and in their methylation patterns, as 69 well as signals of positive selection in our species. Our ultimate aim is inferring, from these 70 genomic differences, differences in the brain activity important for language processing. 71 72 2. Evolutionary changes in the language oscillogenome 73 74
In order to achieve our objective, we first gathered via systematic literature review and database 75 searches the available information concerning fixed changes in AMH proteins compared to 76
Neanderthal proteins, genomic regions positively selected in AMHs after our split from 77
Neanderthals, and differentially methylated regions (DMRs) in AMHs compared to 78
Neanderthals. We have extensively built on Green hominins. We then looked for our candidates in these papers and databases. As noted in 82
Murphy and Benítez-Burraco (2017), our candidates for the language oscillogenome fulfil 83 three criteria: i) they are associated with language disorders (developmental dyslexia and/or 84 specific language impairment) and/or language dysfunction in cognitive disorders entailing 85 language deficits (schizophrenia and/or autism spectrum disorder), ii) they play a role in brain 86 rhythmicity and/or are candidates for conditions entailing brain dysrhythmias, like epilepsy; 87 and iii) gene-oscillations-language links can be confidently established for them. 88 89
Our findings are summarized in Table 1 Among the 48 genes we highlighted in our previous work as part of the shared signature of 101 abnormal brain oscillations associated with language deficits and core components of the 102 language oscillogenome, 11 of these exhibit some difference between AMHs and Neanderthals. 103
Two proteins bear fixed changes in one position in AMHs, although these changes are not 104 expected to impact significantly on their structure and function: CNTNAP2 exhibits a 105
Ile345Val change (reported as benign according to PolyPhen, and as tolerated (0.79) according 106
to SIFT), whereas FMR1 shows a nearly fixed Ser145Ala change (frequency of 0.98 in AMHs) 107
(classified as benign according to PolyPhen, and as tolerated (1) according to SIFT). More 108 interestingly, 5 of our candidates are found within the regions that exhibit the strongest signals 109 of positive selection in AMHs compared to Neanderthals, according to Green Interestingly, duplications and deletions of all these genes, purportedly resulting in abnormal 138 high or low levels of the protein, respectively, result in cognitive and language deficits (Table  139 2 Supplementary file, S4 in Neanderthals, and due to the role of this region in α-inhibition vital to the coordination of 236 cross-cortical feature binding (Murphy, 2016a) , it is a possibility that Neanderthals were 237 capable of executing a degree of control over representation integration not seen in other 238 primates close to AMHs, but nevertheless still reduced in cross-cortical scope relative to 239
AMHs. Further support for this hypothesis comes from Table 2: neuroethological data, the likely oscillatory basis of this capacity was explored. It was proposed 256 that phase-amplitude coupling between parahippocampal θ and cross-cortical γ was responsible 257 for constructing individual call representations, and that primarily basal ganglia β increases 258 signalled the maintenance of such calls in memory (Murphy, 2016b Burraco et  286 al., 2016). More specifically, we would like to suggest that the distinct θ-γ code we predicted 287
for the Neanderthal brain might also explain its presumably limited working memory (Wynn 288 & Coolidge, 2012), given the crucial role that coupling between these rhythms appears to have 289 in working memory operations across a number of modalities (Murphy, 2016a; Schomburg et 290 al., 2014; Vosskuhl et al., 2015) . A widening in the anterior fossa in Neanderthals (Figure 1) may have exhibited reduced cross-frequency coupling between θ and γ due to differences in 305
CACNA1C and ELP4 expressionwe should also conclude that the Neanderthal brain was 306 likely incapable of exploiting this expanded Broca's area, at least in the service of maintaining 307 sets of symbolic representations. As with the partly globular parietal modifications discussed 308
above, this appears to be another major feature of the Neanderthal brain which begins to 309 approximate neuroanatomical characteristics that we hypothesize are required for core aspects 310 of AMH syntax, but which ultimately displays other features which are likely incompatible 311 with it. While the currently proposed oscillatory profile of Neanderthals does not necessarily 312 exclude elements deemed necessary for phrasal construction (involving δ phase-amplitude 313 coupling with θ and β, for instance; see Murphy, 2016b), the severe limitations which seem to 314 have been imposed on it (most notably, working memory constraints and non-optimal cross-315 frequency couplings) suggests that even if Neanderthals did have core features of the neural 316 code for AMH syntax there would have been a number of obstacles to implementing it. 317 318
Returning to Table 1 , CACNA1C, which is differentially methylated in AMHs, contributes to 319 β and γ generation, and has been correlated with semantic verbal fluency, may set AMHs apart 320
from Neanderthals by contributing to speech-related fluency through β (implicated in storing 321 ongoing speech representations in memory) and γ (involved in the initial construction of 322 discourse representations, as discussed above). Relatedly, the abnormal dendritic spine 323 morphology associated with FMR1, along with the decreased β power (Table 2) , strengthens 324 this notion. 325 326
With respect to the evolutionary implications, we conclude that the documented differences in 327 the oscillatory profiles of humans and Neanderthals not only explain why we have language 328
and Neanderthals likely did not, but they also shed some light on language-related cognitive 329 differences, in particular concerning working memory limitations. We remain silent on the 330 issue of the type of word-like representations Neanderthals may have possessed, and have 331 focused purely on computational capacity, although it is worth noting that the evidence for 332
Neanderthal symbolic thought at least suggests that it is their processing capabilities which 333 distinguishes them from us. Our view is therefore somewhat similar to the mainstream 334 generative position on language evolution (insofar as this particular topic goes, that is), 335 although our views on neural reorganization in our lineage differ substantially from, for 336 instance, Chomsky's (2016, 2017) the position articulated by these authors is also currently compatible with the data we present, 338
given their focus on the computational novelty of Merge). Be that as it may, it should also be 339 stressed that the current contribution constitutes highly speculative work, with the differences 340 between Neanderthals and humans being a hotly debated and controversial topic. We hope at 341 least to have opened up new avenues for exploring these differences, even if our present 342
conclusions are soon revealed to be inaccurate and premature. 
